Although there is an extensive literature on the impacts of trails on vascular plants (e.g., Liddle 1975; Jordan 2000; Ferguson et al. 2010) , and it includes a few useful articles concerning the minimization of conflicts between recreational uses of trails and conservation on trails (Cole 1993) , very few studies have emphasized the beneficial effects of trails (Bratton 1985; Sinclair and Catling 2000) . However, it is widely known that there is a disturbance gradient and zonation of plants extending from the bare portion of a trail into the surrounding woodland and it is also known that the trail flora includes characteristic woodland species that increase in abundance near the trail (Dale and Weaver 1974; Bright 1986; Benninger-Truax et al. 1992; Ferguson et al. 2010) . Trails may also increase native biodiversity (Roovers et al. 2005 ) and act as dispersal corridors for some species (Benninger-Truax et al. 1992) .
Many native Canadian orchids are associated with disturbed situations, including trails (Catling 1996, page 18 ), but there is little information on the trail effect. In one of the few quantitative studies, Bratton (1985) found that populations of Galearis spectabilis (L.) Raf. (Showy Orchis) were denser close to trails. Other studies have shown that trampling in orchid hab itat increases soil compaction and decreases the abundance of fungivorous nematodes (Light and MacConaill 2007 , 2008 , 2009 . How this affects orchids remains unclear, although a beneficial effect of trails was suggested in one of these studies (Light and MacConnail 2009) . Despite the lack of specific information, it should not be surprising that some orchids benefit from trail-related disturbances, since this has been documented for a number of plants including rare species (e.g., Sinclair and Catling 2000) .
An understanding of the disturbance effects of trails on terrestrial orchids would also be relevant to conservation and management. Natural areas are frequently maintained for both conservation and recreational purposes. Both of these objectives require sensible decisions. In a few instances the closure of a trail to prevent orchids from being trampled has failed to take into account the fact that the orchids might not have been there in the first place without the trail (personal observation). There are numerous instances of populations of rare plants in high traffic areas that declined or disappeared as soon as the population was protected from disturbance with a fence (personal observation). Recreation -specifically the use of trails -is economically important, valued at $56 million annually in the US (compared to $66 million in wildlife viewing and $13 million in hunting, (Frantz 2007*; Kelley 2006*) . Recreation is also part of the human experience of nature, which helps to develop a protective attitude. Thus it is undesirable to restrict human traffic, from both a recreational and a conservation perspective, unless it is necessary to preserve a species or population.
We suspect that trails used by humans often lead to an increase in biodiversity and contribute to the pro- To clarify the impact that trails have on orchids we compared the occurrence of orchids on the lightly trampled edges of bare trails, with the occurrence of orchids in the surrounding woodland and noted the degree of disturbance. A two-way mixed analysis of variance, using six trails from across Canada, indicated that location by distance strata interaction was lacking. Orchid densities were consistently higher within a few meters of the bare portion of a trail than further away. The width of the disturbance gradient for two well-used trails in parks in Bruce County, Ontario, was determined with regression to be within 1 m from the edge of the bare portion of the trail. Calypso bulbosa var. americana on trails in in Alberta, Epipactis helleborine and Goodyera oblongifolia on trails in Ontario, Goodyera repens on trails in Northwest Territories and all native orchids (cumulatively) on trails on Flowerpot Island, Ontario demonstrated consistent and significant increased abundance within the trail disturbance gradients in comparison to their occurrence in the surrounding forest. More flowering plants of Goodyera oblongifolia and mature capsules of Epipactis helleborine occurred in the trail disturbance gradient than beyond suggesting a beneficial impact on fecundity. The disturbance gradient effect likely includes light trampling which reduces competition, compacts soil, and exposes mineral soil. The effect also includes increased light and microclimate differences near to the path. Landscape managers should recognize that in some situations orchids may benefit greatly from trails and that trails may be better considered as a benefit than as a problem. 
Methods

Study areas and sampling procedures
In all cases the substrate of trails studied was natural. Trails created with wood chips, planks, or the crushed stone used for patios, were not included. Sites were chosen by convenience and on the basis of the presence of relatively large numbers of one or more species of orchids that would allow quantitative data to be collected. The data were gathered in such a way as to facilitate comparison of frequencies near a trail, i.e., within the disturbance gradient (usually < 1.5 m), and far from a trail (> 1.5 m). Near and far areas surveyed were either of similar size or the areas far from the trail were larger (Table 1) . Distances were always measured from the edge of the bare portion of the trail. The homogeneity of vegetation before paths were created is assumed. This is not an unreasonable assumption and it is accounted for by a sufficient number of sample regions along a path through an essentially homogeneous landscape that includes similar substrates and slopes. In all cases the orchid plants were flowering or fruiting at the time of the surveys (indicated below) and all were conspicuous and readily identified. The several study areas were selected to demonstrate the widespread occurrence of the phenomenon. Locations of trails studied are indicated in Fugure 1 and given in Table 1 . areas compared were 100 m 2 . The bare portion of the trail was 1 m wide. Local residents suggested that on most days during July and August, 100 people use this trail each day. 
Data Analysis
We used the data collected (as described above and see Table 1 ) to perform four related analyses:
We used all data on orchids along six trail segments to examine the effect of trail proximity. This was done by fitting a two way mixed ANOVA, with stratum (near, far) as a fixed factor, and location as a random factor, to the log10 + 1 transformed counts for each trail section. The transformation was necessary to stabilize the variance, and the 1 is added because log10 (0) is undefined, and some sections had counts of zero.
(2) The trailside gradient
In the case of the two trails (Fathom Five and Bruce Peninsula) data were available on actual distances of all recorded plants from the edge of the bare portion of the trail out to a distance of 2 m. This not only provided a means of determining the extent of the trail effect on orchids, it also provided an evaluation of the probable width of the disturbance gradient. Regression along with correlation and analysis of variance (ANOVA) was used to determine the significance of the relationship. The shape and formula of the best fit regression line helped to define the distance at which abundance of orchids changed. The analysis was performed using the number of orchids in 20 consecutive 10 cm sections up to 200 cm from the bare edge of the trail.
(3) Pairwise and independent comparisons
Much of the analysis here involves instances based on adjacent occurrence (near to the trail and far from the trail) along consecutive sections of trail. Near is defined as 0 to 1.5 m or less (as indicated - Table 1 ) and far is defined as more than 0.5 or more commonly more than 1 or 1.5 m. These distances are generally supported by the gradient analysis described above. However, the limits of the distances for the comparison to trailside areas were generally decided upon based on observation of what appeared to be a likely limit for the gradient based on changes in vegetation.
Since sections of trail within and outside a given distance share certain landscape features and have an extensive common boundary, they might be regarded as paired samples. On the other hand the near and far trail samples are actually not from the same source and are, to a large extent, independent. As a result of these paired and independent aspects, the data were analyzed both ways -as paired samples using the Paired t-test, the Sign Test and the Wilcoxon Signed Rank Test and as independent samples using the Mann-Whitney Wilcoxon test comparing medians and the KolmogorovSmirnov Test comparing distributions.
The Paired t-test, employing differences between pairs of observations, compares means and assumes normality considered as acceptable within limits of ±2 for both skewness and kurtosis. All other tests are nonparametric. The Sign Test and the Wilcoxon Signed Rank Test compare medians. Of the two the Wilcoxon, using ranks, explains more of the data (Sokal and Rolf 1995) . The Kolmogorov-Smirnov Test has the advantage of providing a different perspective in comparing distributions to some extent independent of mean and variance, but the Mann-Whitney Wilcoxon test which compares ranks in the combined data is considered the best suited to the present data (Sokal and Rolf 1995) . For all tests the significance was defined as less than 0.05.
The amount and consistency of difference in numbers of orchids within and outside the disturbance gra-dient of consecutive trail sections were illustrated using simple plots with line graphs. The graphs were considered appropriate because the distributions are continuous distances from the start of the trail showing the pattern of corresponding differences encountered as one proceeds. All of the statistical procedures and plots utilized Statgraphics Centurion 15 software (Statpoint 2005*).
(4) Effect on fecundity
For Epipactis helleborine and Goodyera oblongifolia, numbers and proportions of capsules and flowering plants respectively near and far from the trail were tabulated. In the case of Goodyera oblongifolia, flowering condition was related to distance with analysis of variance and regression using the 10 consecutive components of distance from the bare trail edge.
Results
(1) Overall trail effect
Counts varied substantially among strata (F = 104.7, df = 1, 150, p < 0.001) and locations (F=19.9, df = 5, 150, p < 0.001) with no evidence of a location by strata interaction (F= 0.93, df = 5, 150, p = 0.46) and no evidence of significant spatial autocorrelation within trails among adjacent sections. Orchid densities were, on average, higher in close proximity, a result that appears to be consistent across the range of locations investigated (Figure 3 ).
CATLING AND KOSTIUK: WILD CANADIAN ORCHIDS BENEFIT FROM WOODLAND HIKING TRAILS 109 FIGURE 2. Goodyera oblongifolia (arrows) on the edge of the bare portion of the Marl Pond Trail on Flowerpot Island Flowerpot
Island, Georgian Bay, Lake Huron, in Fathom Five National Marine Park of Canada, Ontario.
(2) The trailside gradient The best fit for the regression line derived from the data on number of plants of all native orchids with respect to distance from the bare portion of the trails on Flowerpot Island (Figure 4) is the reciprocal-X model with Number of plants = -3.17474 + 74.6288/ number of consecutive 10 cm distance (r-squared = 95.75%). Clearly the number of plants declines with increasing distance from the bare portion of the path and there is a major change in slope at a distance of 0.2 m and at 0.4 m distance indicating a major change in the gradient at this point. The correlation coefficient is -0.98753 indicating a strong relationship which is highly significant (ANOVA F = 405.74, P = 0.0000).
A similar result was obtained for the regression line derived from the data on number of plants of Goodyera oblongifolia on the Burnt Point Trail (Bruce Peninsula National Park) over distance from the bare portion of the trail ( 10 cm distance (r-squared = 74.20%). Again the number of plants declines with increasing distance from the bare portion of the trail but the major change in slope is at a distance of 1 m. These results were also significant with the correlation coefficient = -0.861398 indi cating a moderately strong relationship and ANOVA F=51.77, P=0.0000.
(3) Pairwise and Independent comparisons
In the study situations, Calypso bulbosa, Epipactis helleborine, Goodyera oblongifolia, Goodyera repens and all native orchids (cumulatively) on the two Flowerpot Island trails (Table 2 ) demonstrated consistent (Figures 2, 6-13 ) and significant (Table 3) increased abundance close to trails in comparison with the number of orchids farther from trails in the surrounding forest. Along a section of the Rideau Trail in eastern Ontario, orchids (Table 4) were more abundant near the trail but the effect was not significant (Table 3) . The standard skewness and standard kurtosis values do exceed the desirable limits for the paired t-test, but they do not necessarily invalidate the results. helleborine, more capsules developed near to the bare part of the trail than further from it ( Figure 11 ).
Discussion (1 and 2) Overall trail effect and the trailside gradient
Although not all trails conform to a rule (authors, personal observation), a beneficial effect of trails on orchids can be demonstrated from data collected across Canada. That there is a significant beneficial effect and that it occurs over a distance of less than 1.5 m from the bare portion of a woodland trail is not surprising in light of: (1) the general tendency for terrestrial orchids to respond positively to disturbance; and (2) a trailside disturbance gradient of varying width (Bates 1935; Liddle 1975 Liddle , 1997 Bright 1986; Benninger-Truax et al. 1992; Jordan 2000; Ferguson et al. 2010) .
(3) Pairwise and Independent comparisons.
There are few previous data for the specific sites studied to compare with the results of the present study. Although the trampling study in Waterton Lakes National Park (Douglas et al. 1975*) was very comprehensive, there was no clear trend in the orchids present and this study was of too short a duration (one year) to indicate beneficial effects and it was designed only to elucidate short-term negative impacts. Much of the general literature has also assumed only negative effects and the experimental design has been developed to quantify negative impact. Although some studies noted previously (Dale and Weaver 1974; Bright 1986; Benninger-Truax et al. 1992; Ferguson et al. 2010 ) indicated a beneficial effect on some species, demonstration of a beneficial effect on orchids remains unique to Bratton (1985) . Here that phenomenon is extended across Canada and to three native and one introduced species.
(4) Effect on fecundity
Light trampling beside the bare portion of a trail would be expected to damage plants and thus lead to reduced flowering and fruit production. Although proportionately less flower or fruit production occurred near the trail in the case of Goodyera oblongifolia and Epipactis helleborine respectively, this effect was not sufficient to reduce fecundity adjacent to the trail with respect to the adjacent forest because of the much larger number of plants adjacent to the trail. In the case of Cypripedium acaule Ait. (Pink Lady's-slipper) studied by Bratton (1985) , there was no indication of an effect on density, but there was significantly reduced flowering near to the trail. This was attributed primarily to poaching.
Mechanisms of the trail effect
Many studies have documented a zonation from the bare portion of a trail into the surrounding habitat (Bates 1935; Liddle 1975 Liddle , 1997 Benninger-Truax et al. 1992; Jordan 2000) and attributed it to light trampling reducing competition, compacting the soil, and exposing mineral soil, and to increased light and mic roclimate differences near to the path. During our surveys of the study trails, people were often seen stepping off the bare part of the trail to let others pass, or stepping off the edge of the trail accidentally or walking on both edges of the bare portion of the trail when walking two or three abreast. This is observed to kill some plants thus reducing competition for others that do survive and it results in a number of effects that are outlined above. The disturbance gradient becomes a clearly distinctive habitat to which some species are adapted. For example, on the Northwest Territories trail studied, the edges of the bare portion of the trail had more species of graminoid plants, much fewer species of moss, some bare soil and rare or restricted species such as Botrychium lunaria (L.) Sw. (Common Moonwort).
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Management Implications
Protection with fences may be appropriate in many cases, such as alpine vegetation growing on mountaintop lookouts (Willard and Marr 1971) , and restricted access may be necessary in order to reduce poaching (Bratton 1985) but disturbance along trails may also be beneficial. There is a general tendency to consider trails only as problematic (e.g., Cole 1993; Jordan 2000) . This has lead to restrictions including fences, trail closures and signs requiring people not to step off trails. The result of these restrictions can be reduced populations of rare plants, reduced experience of nature by people leading to less interest in conservation, and reduced income from recreation. A trail may be a problem, but it may not. Trails are not only good for people; they are sometimes (perhaps often) also good for rare plants, and particularly for some orchids, the most popular of native plants and a useful group of environmental indicators. A complaint about a trailside orchid plant knocked over by a hiker, should take into account the fact that the hikers may be the reason that the plant was there in the first place and that overall, hikers may often significantly improve orchid habitat.
